the bottom right graph may be consistent with an initial negative transfer of performance on a driving task when moving from the US to the UK, where initial performance may be set-back by the requirement to drive on the other side of the road, but that learning rates are benefited by prior knowledge of driving.
Returning to the topic of cognitive training, the premise is that training can alter fundamental cognitive processes, which in turn will benefit any task relying upon these processes. The key questions are what are the necessary characteristics of training that can lead to substantial generalization, and what are the appropriate methods of measurement that will reveal this generalization? Take the case example of working memory training: if training to remember different sets of colors led to an improvement in the underlying process of working memory, this could manifest as an improvement in performance on all tasks involving working memory, including tests of language, mathematics, intelligence, decision making and so on. However, generalization found from the color task is likely to be minimal and substantial generalization may require training with a diversity of stimuli, task-structures, and rule-sets that span our use of working memory in the world [18] . Further, as exemplified by Kattner et al. [8] assessment of generalization should take into account both immediate transfer and effects that only manifest with time. Better understanding of these mechanisms of learning may help us devise tasks upon which practice will lead to perfection that generalizes to real world contexts. 4 and CYCLE (CYC), two cycling negative regulators, PERIOD (PER) and TIMELESS (TIM), modulators such as the kinase DOUBLETIME (DBT) and a circadian photoreceptor CRYPTOCHROME (CRY) [1] . These molecules are expressed in the fly's brain in about 150 'clock' neurons, which can be divided into several discrete groups [2] . Two groups, the small and large lateral ventral neurons (s-LNvs and l-LNvs) express the neuropeptide PDF (pigment dispersing factor), which represents the key molecule that allows clock neurons to communicate with each other [3] . In the absence of PDF flies become behaviourally arrhythmic [4] . In cry mutants, the clock still ticks but its photosensitivity is severely compromised [5] so that under constant bright light (LL), while the wild-type fly locomotor rhythm becomes arrhythmic, cry mutants ignore the LL and 'free-run' with the endogenous period of 24 h, just as the mutant and the wild-type do in constant darkness (DD) [6] . The cosmopolitan species D. melanogaster that can be found from Africa to southern Scandinavia evolved in tropical Africa and colonised the temperate regions of Europe and Asia after the last Ice Age 10-14 thousand years ago [7] . However, other related Drosophilids from the D. virilis group that diverged 50 million years ago [8] from the D. melanogaster lineages can be found in more northern regions of Scandinavia [9, 10] . Apart from the obvious fact that it is generally much colder at extreme latitudes, flies also face the problem that as summer photoperiods become longer, the clock will normally become arrhythmic under the LL conditions of northern Scandinavian summers. Indeed, this is a problem faced even as relatively far south as Leicester, UK (54 N), where during mid-summer it never really gets dark (i.e., does not reach astronomical twilight) [11] . So how do the northern European Drosophila species cope with extreme summer photoperiods? As reported in this issue of Current Biology, Menegazzi et al. [12] have compared the circadian locomotor activity rhythms of a D. melanogaster strain from equatorial Africa to those from two species from northern Finland, D. ezoana and D. littoralis (two species from the D. virilis group), in LD16:8 cycles (16 h of light and 8 h of dark, roughly equivalent to Italian summer photoperiods) and the more extreme northern LD20:4. They observe that D. melanogaster cannot adjust its locomotor behaviour to LD20:4 whereas the more northern species co-ordinate their activity to the extreme photoperiod more flexibly (Figure 1 ). The authors also noticed that D. melanogaster rhythms seemed more robust, with clearer morning and evening peaks of locomotor activity compared to the northern species ( Figure 1 ). Could this mean that the latter species have a weaker clock, which is more easily adjustable by the environment? Indeed, the two northern species were very weakly rhythmic in DD compared to D. melanogaster, suggesting a less potent underlying oscillator. These results reflected similar findings by Lankinen in 1986 in which the 24 h pupal-adult eclosion rhythms of D. littoralis populations from the far north were more arrhythmic compared to those from the south [10] . Menegazzi et al. also observed that in LL, D. melanogaster flies became completely arrhythmic, whereas the northern species maintained some rhythmicity at levels of 10-15%, indicating that their clock was less photosensitive.
If the northern species have weaker, less light-sensitive clocks, how might this manifest itself at the level of the relevant clock molecules? It had already been observed that other species within the D. virilis group exhibited severely reduced PDF expression in the pacemaker s-LNvs and little or no CRY expression in the l-LNvs [13] , and D. ezoana and D. littoralis proved no exception [12] . Furthermore, in D. melanogaster, the PDF-expressing cells send out axons to the dorsal brain, whereas in northern species they send 
Current Biology
Dispatches out arborisations to the central brain [12] . A priori, these findings would suggest that the two northern species should be less rhythmic in DD (less PDF) and more rhythmic in LL (less CRY) for reasons mentioned earlier. This was further tested by mimicking the northern species' PDF and CRY expression patterns in D. melanogaster. Knocking down expression of PDF in the s-LNv neurons had the predictable effect of significantly weakening the 24 h locomotor rhythms in DD, which was also reflected in the reduced amplitude of the cycling clock component PER in clock neurons. Reducing CRY expression in the l-LNvs generated more rhythmicity in LL, and both manipulations mimicked to some extent northern species' patterns of locomotor behaviour at LD20:4. The circadian pioneer and guru Colin Pittendrigh studied circadian clocks of Drosophila species found at high latitudes and argued that for the clock to avoid the damaging arrhythmic effects of long photoperiods, a stronger, more robust clock was required to counteract the effects of light [14, 15] . The results of Menegazzi et al. suggest the opposite, namely that a weaker clock is adaptive in the extreme north. How might these two apparently contrasting views be reconciled? One way would be that instead of having a more robust, lightresistant clock in the north, the effects of extreme photoperiod could be mitigated by having less light sensitive clocks (Pittendrigh also tentatively suggested this alternative [15] ). The key protein here would be TIM, which physically interacts with CRY at dawn leading to TIM (and subsequently PER) degradation, thereby releasing the negative lock on the per and tim genes within the autoregulatory loop [1] . A naturally occurring mutation, ls-tim, generates a less circadian photosensitive phenotype both molecularly (LS-TIM is more stable than S-TIM under light) and behaviourally (responds with smaller circadian changes to light pulses and is more rhythmic in LL) [16, 17] . ls-tim thus seems particularly well adapted to higher latitudes even though it arose very recently in southern Italy and has spread throughout Europe by directional selection [16] . Consequently, a less photosensitive clock, rather than a more robust oscillator (ls-tim and s-tim show similar amplitudes in their molecular rhythms) is one way D. melanogaster has risen to the challenge of living in temperate latitudes, mirroring the reduced circadian light sensitivity observed in the northern species.
While it is not clear how differences in seasonal locomotor behaviour profiles might adapt different species to the latitudes, perhaps there is a more fundamental aspect of seasonal physiology/behaviour that is also being affected? The ls-tim variant has an additional phenotype, a higher propensity to overwinter or diapause, making it particularly well-suited to colder clines [16] . D. melanogaster have a shallow diapause as adults (females show reproductive quiescence) in temperatures <13
C, which can be enhanced by short winter photoperiods [18] . The ls-tim female may be showing higher levels of diapause than s-tim at these temperatures simply because she interprets long summer days as short wintry ones (note that this also suggests the circadian timer is an important component of diapause, also demonstrated in several other fly species [19, 20] ). Consequently, because D. ezoana and D. littoralis have very robust photoperiodic diapause in LD cycles at lower temperatures [10] , might the genocopy experiments of Menegazzi et al. have generated D. melanogaster with a more dramatic, less shallow photoperiodic diapause, like their northern cousins? Certainly worth a look! Menegazzi et al.'s 'evo-devo' approach to the clock has generated an important neuroecological insight into clock evolution. Whether by adapting summer locomotor behaviour to long summer photoperiods, or enhancing diapause under winter conditions, neurogenetic changes in clock gene expression among species or the effects of clock gene polymorphisms within species appear to provide routes for adapting flies to latitude. As it is unlikely that the changes in PDF and CRY expression occurred in the few thousand years since the postglacial colonisation of Europe, regulatory mutations in the ancestors of the D. virilis species group may have generated these phenotypes, possibly in tropical regions of their ancient homelands in Africa/Asia. Under a relatively stable equatorial photoperiodic and thermal environment, such genetic changes might be adaptively neutral and therefore be maintained at low frequencies. When these species migrated to the higher latitudes, natural selection would have consolidated these regulatory mutations, generating the comparative circadian gene expression patterns. Needless to say, a study of the CRY and PDF expression patterns in different populations of these northern species, whose ranges also extend into more southern areas of Europe [10] , allied to DNA sequence analyses of the cis-regulatory regions of the cry and Pdf promoters, both within and between species, may provide further insights into when and how these adaptive changes in clock gene expression occurred. A recent study has found that viewing one image with one eye and a lower-contrast image with the other eye as briefly as a few minutes alters the subsequent balance of activity between the two eyes revealing adult neuroplasticity. [4] ).
We now know that Gassendi was wrong and that under normal circumstances we combine the information from the two eyes: fusion theory. For example, Wheatstone (1838) showed that information must be combined from the two eyes to yield precise information about the distance of objects from our eyes: binocular stereopsis [5] . We pay to experience this when we see a 3D movie. As they report in this issue of Current Biology, Kim et al. [6] have found that Gassendi was not completely wrong: making one eye work hard for a while does seem to exhaust it and to give an advantage to the other eye, although for different reasons from those Gassendi supposed. These discoveries have implications for adult neuroplasticity.
To test the relative activity of the two eyes, Kim et al. [6] . used a phenomenon in which the two eyes seem to fight each other to give the images on their retinas to consciousness: binocular rivalry [5, [7] [8] [9] . This is one circumstance in which suppression theory is correct. Gassendi must have known about binocular rivalry, because it was discovered about 80 years earlier [8] . Giambattista della Porta (1593), in an attempt to increase his productivity as a scientist, tried to read one book with one eye and another, simultaneously, with the other eye: he found he could read only one book at a time; the other book disappeared until he
